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AMENDMENT 



In the Claims : 



Please replace original claims 1-13 with the following claims : 



1. 



A process for the preparation of a dipeptide of formula 1 comprising 




NH 



-Me 



(1) 



coupling N-protected L-leucine to L-ter£.-leucine-N-methylamide in the presence of an 
activating agent, wherein G is a protective group that is a formyl group. 

2. The process according to claim 1 in which the L-tert.-leucine-N-mefhylamide has 
an enantiomeric excess greater than 98% 



enantiomeric excess greater than 98%. 

4. The process according to claim 1 further comprising subjecting the N-formyl-L- 
leucyl-L-ter^-leucine-N-methylamide obtained to one or more crystallizations. 

5. The process according to claim 1 further comprising deformylating the dipeptide 
obtained. 

6. The process according to claim 5 further comprising subjecting the L-leucyl-L- 
tert.-leucine-N-methylamide obtained to one or more crystallizations. 



3. 



The process according to claim 1 in which the N-formyl-L-leucine has an 
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7. The process according to claim 5 further comprising coupling the L-leucyl-L- 
tert.-leucine-N-methylamide to a substituted or nonsubstituted a-mercaptocarboxylic acid to 
form the corresponding N-a-optionally substituted mercaptocarboxyl-L-leucyl-L-tert.-leucine-N- 
methylamide. 

8. A compound which is N-formyl-L-leucyl-L-ter/.-leucine-N-methylamide. 

9. A composition comprising the N-formyl-L-leucyl-L-^ert.-leucine-N-methylamide 
defined in claim 8 wherein an enantiomeric excess is present of the N-terminal amino acid in the 
dipeptide of more than 80%. 

10. The composition according to claim 9 wherein the enantiomeric excess of the N- 
terminal amino acid in the dipeptide is more than 98%. 

1 1 . The composition according to claim 9 wherein a diastereomeric excess is present 
of more than 80%. 

12. The composition according to claim 1 1 with a diastereomeric excess of more than 

98%. 

13. A pharmaceutical composition comprising N-formyl-L-leucyl-L-ter?.-leucine-N- 
methylamide according to claim 8 and a pharmaceutically acceptable excipient. 
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REMARKS 



/ 



Attached hereto is a marked-up version of the changes made to the claims by the current 



The above changes were made to conform the claims to U.S. patent practice. No new 
matter has been added. 

In the unlikely event that the transmittal letter is separated from this document and the 
Patent Office determines that an extension and/or other relief is required, applicant petitions for 
any required relief including extensions of time and authorizes the Assistant Commissioner to 
charge the cost of such petitions and/or other fees due in connection with the filing of this 
document to Deposit Account No. 03-1952 referencing docket no. 246152016400 . However, 
the Assistant Commissioner is not authorized to charge the cost of the issue fee to the Deposit 
Account. 



amendment. The attached page is captioned " Version with markings to show changes made ". 



Respectfully submitted, 





Morrison & FoersterLLP 
381 1 Valley Centre Drive, Suite 500 
San Diego, California 92130-2332 
Telephone: (858) 720-5195 
Facsimile: (858) 720-5125 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
Please amend claims 1-13 as follows : 

1 . (Amended) [Process] A process for the preparation of a dipeptide of formula 1 
comprising 



hijj Y y NH 



•Me ^ 



[where G represents a protective group with] coupling N-protected L-leucine [being 
coupled] to L-tert.-leucine-N-methylamide in the presence of an activating agent, [characterized 
in that a formyl group is used as protective group] wherein G is a protective group that is a 
formyl group . 

2. (Amended) [Process] The process according to claim 1 in which the L-tert- 
leucine-N-methylamide has an enantiomeric excess greater than 98% 

3. (Amended) [Process] The process according to claim 1 [or 2] in which the N- 
formyl-L-leucine has an enantiomeric excess greater than 98%. 

4. (Amended) [Process] The process according to [any one of ]claim[s] l[-3] 
further comprising subjecting [in which] the N-formyl-L-leucyl-L-tert.-leucine-N-methylamide 
obtained [is subsequently subjected] to one or more crystallizations. 

5. (Amended) [Process] The process according to [any one of ]claim[s] 1 [-4] 
further comprising deformvlating [in which] the dipeptide obtained [is subsequently 
deformylated]. 
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6. (Amende^) [Process] The process according to claim 5 further comprising 
subjecting [in which] the L-leucyl-L-ter/.-leucine-N-methylamide obtained [is subsequently 
subjected] to one or more crystallizations. 

7. (Amended) [Process] The process according to claim 5 [or 6 in which] further 
comprising coupling the L-leucyl-L-ter^-leucine-N-methylamide [is subsequently coupled] to a 
substituted or nonsubstituted a-mercaptocarboxylic acid to form the corresponding N-a- 
optionally substituted mercaptocarboxyl-L-leucyl-L-ter?.-leucine-N-methylamide. 

8. (Amended) A compound which is N-formyl-L-leucyl-L-fer^-leucine-N- 
methylamide. 

9. (Amended) A composition comprising the N-formyl-L-leucyl-L-ter/.-leucine- 
N-methylamide defined in claim 8 wherein [with] an enantiomeric excess is present of the N- 
terminal amino acid in the dipeptide of more than 80%. 

10. (Amended) The composition according to claim 9 wherein the [N-formyl-L- 
leucyl-L-tert.-leucine-N-methylamide with an] enantiomeric excess of the N-terminal amino acid 
in the dipeptide [of] is more than 98%. 

1 1 . (Amended) The composition [N-foiroyl-L-leucyl-L-tert.-leucine-N- 
methylamide] according to claim 9[ or 10 with] wherein a diastereomeric excess is present of 
more than 80%. 

12. (Amended) The composition [N-formyl-L-leucyl-L-fer^-leucine-N- 
methylamide] according to claim 1 1 with a diastereomeric excess of more than 98%. 

13. (Amended) A pharmaceutical composition comprising [Use of] N-formyl-L- 
leucyl-L-ter/\-leucine-N-methylamide according to [any one of ]claim[s] 8[-12 in the preparation 
of pharmaceuticals] and a pharmaceutically acceptable excipient . 
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PROCESS FOR THE PREPARATION OF A DIPEPTIDE AND 
5 INTERMEDIATE PRODUCT IN SUCH A PROCESS 

The invention relates to a process for the 
preparation of a dipeptide of formula 1 

10 




(1) 



° ° /j\ 

in which G represents a protective group, with N- 
protected L-leucine being coupled to L- tert . -leucine-N- 

15 methylamide in the presence of an activating agent. 

WO-A-96/11209 discloses such a process in 
which N- ( 1 , l-dimethylethoxy) carbonyl-L- leucine and L- 
tert . -leucine-N-methylamide are coupled. 

A drawback of the known process is that it 

2 0 uses an expensive protective group, so that the process 
is less attractive from a commercial point of view. The 
present invention provides a commercially attractive 
route for the preparation of the above-mentioned 
intermediate product in the preparation of, for 

2 5 instance, the pharmaceuticals as described in WO-A- 

96/11209 . 

This is achieved according to the invention by 
using a formyl group as protective group. 

Dipeptide couplings involving the coupling of 

3 0 two amino acids are generally known and are described 



,10!i;]iH : ^E^l, u 4- ,„ ib ,V;i; ih; O ;> iii; 



in detail in the literature. In these couplings the 
activated acid group of the eventual N-terminal amino 
acid reacts with the amino group of the eventual C- 
terminal amino acid or amino acid derivative. In this 
5 process the amino group of the eventual N-terminal 

amino acid is protected by means of a protective group. 

In the process according to the invention 
two enantiomer- enriched amino acids are coupled. The 
enantiomeric excess of the enantiomer-enriched amino 

10 acids is preferably greater than 8 0%, in particular 

greater than 90%, more in particular greater than 98%. 
It is known that racemization of the N-terminal amino 
acid may take place when the amino acids are coupled. 
This is the case in particular when a formyl protective 

15 group is used, such as for instance described in the 
handbooks Houben-Weyl, Band 15/1 (1974), p. 166, and 
The Peptides, Academic Press 1979, Volume 1, p. 279. As 
a consequence, formyl protective groups are not 
considered for coupling of enantiomer-enriched amino 

20 acids. Applicant has now found that no racemization or 
only a low degree of racemization takes place when the 
coupling is carried out according to the invention, 
with a formyl group being used as protective group. 
Moreover, applicant has found that, should racemization 

2 5 take place, this very coupling product according to the 

invention is particularly suitable for enrichment in 
the desired diastereomeric form through 
crystallization . 

An added advantage of the process according 

3 0 to the invention is that inexpensive activating agents 

can be used in the process. 

The N-f ormyl-L- leucine that is used in the 
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process according to the invention can for instance be 
prepared in a known manner by contacting L- leucine with 
formic acid and for instance an anhydride. Preferably, 
use is made of acetic anhydride. 
5 The Li- tert . -leucine-N-methylamide can for 

instance be prepared from L- tert . -leucine via the 
conversion of L- tert . -leucine and phosgene into L- 
tert . -leucine-N-carboxyanhydride, which is subsequently 
converted into L- tert . -leucine-N-methylamide with the 

10 aid of N-methylamine . 

In the process according to the invention 
the N-formyl-L-leucine is activated by means of an 
activating agent, preferably a sterically hindered acid 
chloride or an alkyl chlorof ormiate, and a base. Such 

15 activation steps are generally" known and are often 
applied in peptide couplings . The bases to be used 
therefore are preferably the known bases used in these 
activation steps, with a low degree of racemization 
occurring. Preferably, N-methylmorpholine is used as 

20 base. 

The temperature at which the activation is 
carried out is not very critical and in practice 
usually lies between -30°C and +30°C, preferably 
between -20°C and +10°C. 

25 If desired the activation is carried out in 

a. solvent, preferably one that is inert in the reaction 
mixture. Examples of solvents esters are esters, in 
particular ethyl acetate, isopropyl acetate and 
isobutyl acetate, ethers, in particular tetrahydrof uran 

30 (THF) , methyl- tert . -butylether (MTBE) and dioxane, and 
nitriles, in particular acetonitrile . 

In one embodiment first the activation is 



carried out followed by a coupling step. For the 
coupling, the activated N-f ormyl-L-leucine is contacted 
with the L- tert . -leucine-N-methylamide . Preferably, a 
solution of L- tert . -leucine-N-methylamide is used. 
5 In principle, for the temperature at which 

the coupling takes place the same holds as for the 
temperature at which the activation is carried out. 
Preferably, the coupling temperature is about the same 
as the activation temperature. Examples of suitable 

10 solvents for the L- tert . -leucine-N-methylamide are 
alcohols, in particular methanol, ethanol and 
isopropanol, esters, in particular ethyl acetate, 
isopropyl acetate and isobutyl acetate and ethers, in 
particular THF, MTBE and dioxane. 

15 Alternatively a one stage procedure may be 

followed for the activation and the coupling, wherein 
the N-f ormyl-L-leucine, the L-tert. -leucine-N-methyl 
amide and the base are solved in a suitable solvent as 
described above, and the activating agent is added to 

20 the solution. 

The resulting N-f ormyl-L-leucyl-L- tert . - 
leucine-N-methylamide can subsequently be deformylated 
in a generally known manner, for instance in an acid 
environment. The def ormylation can for instance be 

2 5 carried out in an aqueous environment, in water /alcohol 

mixtures or in a two-phase system. 

The temperature at which the def ormylation 
is carried out for instance lies between 20°C and 
110°C, preferably between 40°C and 80°C. 

3 0 The resulting N-f ormyl-L-leucyl-L- tert . - 

leucine-N-methylamide or L-leucyl-L- tert . -leucine-N- 
methylamide can if desired be purified, for instance by 



J 
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subjecting it to a crystallization. Surprisingly, it 
has been found that the enantiomeric excess of the N- 
terminal amino acid in the protected or non-protected 
dipeptide can be increased by the crystallization in 
5 those cases in which racemization has taken place 
during the peptide coupling. 

Examples of suitable solvents that can be 
used in the crystallization are hydrocarbons, in 
particular heptane and hexane; esters, in particular 

10 isopropyl acetate, isobutyl acetate and ethyl acetate; 
ethers, in particular MTBE ; alcohols, in particular 
methanol, ethanol, isopropanol and butanol ; or mixtures 
thereof. An example of a suitable mixture of solvents 
is a mixture of heptane and isopropyl acetate. 

15 The temperature at- which the 

crystallization is carried out is not particularly 
critical and depends mainly on the physical parameters 
of the chosen solvent, particularly the boiling point. 
In practice, the crystallization will usually be 

2 0 carried out at a temperature between 2 0°C and 100°C. 

Depending on the exact embodiment of the 
peptide coupling, it may be advantageous to isolate the 
N-f ormyl-L-leucyl-L- tert . -leucine-N-methylamide 
intermediate product obtained, for instance via 
25 extraction or crystallization. 

The L-leucyl-L- tert . -leucine-N-methylamide 
obtained can for instance be applied in the preparation 
of pharmaceuticals, for instance the N- (a-optionally 
substituted mercaptocarboxyl ) - L-leucyl-L- tert. - 

3 0 leucine-N-methylamide compounds such as described in 

WO-A-96/11209 and WO-A-97 /12902 . The a-optionally 
substituted mercaptocarboxyl group for instance 



represents a group of formula RiS-C (R 2 ) -C (O) - where R x 
stands for H or R 3 CO where R 3 is a Ci_ 4 alkyl , (Ci_ 4 
alkyl)aryl group, (Ci_ 6 alkyl ) heteroaryl group, C3-6 
cycloalkyl) group, C3-6 cycloalkyl ) Ci_4 alkyl group, C2-6 
alkenyl group, (C 2 -e alkenyl) aryl group, aryl group or 
heteroaryl group; and R 2 stands for H or a Ci_ 4 alkyl- 
C(0)-A- or C1-4 alkyl -NH-C (O) -A group, where A stands 
for 



p and q are each independently 0 or 1 

R 4 = H or a C1-6 alkyl group (each R 4 independent of the 
other one) 

Y and Z are each independently H or (C 0 - 4 alkyl )R 5 , where 

R 5 is NHR 4 , N(R 4 ) 2 (R4 each independently), COOR 4 , CONHR 4 , 

NHCO2R4, NHSO2R4 or NHCOR4 and 

W is O, S(0) m , with m = 0, 1 or 2 , or NR 6 

R 6 = H, Ci_ 4 alkyl, COR 7 , CO2R7, CONHR7 or SO2R7 

R 7 = H, C1-4 alkyl, aryl, heteroaryl, (Ci_ 4 alkyl) aryl or 

(Ci- 4 alkyl) heteroaryl 

R and S are each independently CH or N. 



manner by for instance activating a substituted or non- 
substituted cc-mercaptocarboxylic acid and coupling it 
to the L-leucyl-L- tert . - leucine-N-methylamide dipeptide 
obtained according to the invention using classical 
peptide coupling techniques, as for instance described 
in WO-A-96/11209 and WO-A-97/12902 . 




These compounds can be prepared in a known 



The invention will now be elucidated on the 
basis of examples, without however being restricted 
thereto . 



5 Example I 

Preparation of N-f ormyl-L-leucyl-L- tert . -leucine-N- 
methylamide from N-f ormyl-L-leucine and L-tert.- 
leucine-N-methylamide 

Under nitrogen at -18°C 

10 isobutylchlorof ormiate (6.5 g, 48 mmol) was dosed to a 
solution of N-f ormyl-L-leucine (8.0 g, 50 mmol) in 
tetrahydrofuran (125 ml). Then N-methyl morpholine (4.8 
g, 48 mmol) was added dropwise at such a rate that the 
temperature remained < -15 °C. A precipitate was formed. 

15 After stirring had" been continued for 15 

minutes, a solution of L- tert . -leucine-N-methylamide 
(6.5 g, 45 mmol) in tetrahydrofuran (50 ml) was added 
in such a way that the temperature remained < -15°C. 
Subsequently, stirring was continued for 1 hour at - 

20 18°C. 

The reaction mixture was heated to 0°C and 
at this temperature water was added (100 g) . Then THF 
was removed by distillation under vacuum. Isopropyl 
acetate (75 ml) was added and the pH of the reaction 

25 mixture was adjusted to 1.5 using hydrochloric acid. 
After layer separation, the aqueous phase was twice 
extracted with 5 0 and 3 5 ml isopropyl acetate, 
respectively. The collected organic phases were then 
washed with 50 and 2 5 ml saturated sodium bicarbonate 

3 0 solution and finally with 2 5 ml water. The organic 
phase was then evaporated under vacuum. 

N-f ormyl-L-leucyl-L- tert . -leucine-N- 
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methylamide was obtained in a good yield and with an 
e.e. (L-leucine fragment) of 99% (HPLC) . 

Example II 

5 Preparation of L-leucyl-L-tert.-leucine-N-methylamide 
from N-formyl-L-leucyl-L- tert . -leucine-N-methylamide 

11.7 g (41 mmol) N-f orrayl-L-leucyl-L- tert . - 
leucine-N-methylamide (see Example I) was suspended in 
1M HC1 (100 ml) and heated to 40°C. After 18 hours' 

10 stirring at this temperature (all material went into 
solution) , cooling to room temperature and one 
extraction with 50 ml isopropyl acetate took place. 

After layer separation the pH of the 
aqueous phase was adjusted to 10 using 50% sodium 

15 hydroxide solution. Two extractions with isopropyl 

acetate (75 ml) were performed. The collected organic 
phases were evaporated under vacuum. 

The residue was suspended in heptane (75 
ml) and heated to 65°C. So much isopropyl acetate was 

20 added that everything just dissolved. After 

crystallization by means of cooling to room temperature 
and filtration, the material was washed twice with 
heptane (25 ml) and dried. L-leucyl-L- tert . -leucine-N- 
methylamide was obtained in a good yield with 

25 purity = >98% (HPLC) 

e.e. (L-leucine fragment) = 99% (HPLC) 

Example III 

Preparation of N-f ormyl-L-leucyl-L- tert . -leucine-N- 
3 0 methylamide from N-formyl-L-leucine and L-tert.- 
leucine-N-methylamide 

Under nitrogen at -15°C 



J 



O si H S-O 



isobutylchloroformiate (12.3 g, 90 mmol) was dosed to a 
suspension of N-formyl-L- leucine (15.9 g, 100 mmol) in 
isopropyl acetate (85 ml) . Subsequently, N-methyl 
morpholine (9.1 g, 90 mmol) in isopropylacetate (25ml) 
5 was added dropwise at such a rate that the temperature 
remained < -10°C. 

After stirring had been continued for 90 
minutes, the suspension formed was dosed to a cooled 
solution of L- tert. -leucine-N-methylamide (13.0 g, 90 

10 mmol) in methanol (65 ml) in such a way that the 

temperature remained < -10°C. Stirring was subsequently 
continued for 30 minutes at -10°C. 

The reaction mixture was heated to room 
temperature and further stirred at this temperature for 

15 2 hours. 100 ml water was added to the reaction mixture 
and the pH was adjusted to 1.0 using 37% aqueous 
hydrochloride solution. After layer separation the 
aqueous phase was rewashed with two times 7 5 ml 
isopropyl acetate. The collected organic phases were 

20 then washed with 100 and 50 ml saturated sodium 
carbonate solution, respectively. 

The organic phase was then evaporated under 
vacuum. N-f ormyl-L-leucyl-L- tert . -leucine-N-methylamide 
was obtained with an e.e. (L-leucine fragment) of 98% 

25 (HPLC) . 

Example IV 

Preparation of N-f ormyl-L-leucyl-L- tert . -leucine-N- 
methylamide from N-formyl-L- leucine and L-tert.- 
3 0 leucine-N-methylamide 

N-f ormyl-L-leucyl-L- tert . -leucine-N- 
methylamide was prepared as described in Example III, 



3 



but now at temperatures between 0-5°C. N-formyl-L- 
leucyl-L- tert . -leucine-N-methylamide was obtained with 
an e.e. (L- leucine fragment) of 86% (HPLC) . 

5 Example V 

Preparation of L-leucyl-L- tert . -leucine-N-methylamide 
from N-f ormyl-L-leucyl-L- tert . -leucine-N-methylamide 
The material obtained in Example IV was treated as 
described in Example II. L-leucyl-L- tert . -leucine-N- 
10 methylamide was obtained with an e.e. (L-leucine 

fragment) of 95% (HPLC) . 
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CLAIMS 



1. 

5 



10 

2 . 

15 

3. 
4. 

.20 

5. 

25 

6 . 



Process for the preparation of a dipeptide of 
formula 1 



where G represents a protective group 
with N-protected L-leucine being coupled to L- 
fcert . -leucine-N-methylamide in the presence of an 
activating agent, characterized in that a formyl 
group is used as protective group. 
Process according to claim 1 in which the Li- 
ter*: . -leucine-N-methylamide has an enantiomeric 
excess greater than 98% 

Process according to claim 1 or 2 in which the N- 
f ormyl- L-leucine has an enantiomeric excess 
greater than 98%. 

Process according to any one of claims 1-3 in 
which the N-f ormyl-L-leucyl-L- tert. -leucine-N- 
methylamide obtained is subsequently subjected to 
one or more crystallizations. 

Process according to any one of claims 1-4 in 
which the dipeptide obtained is subsequently 
def ormylated . 

Process according to claim 5 in which the L- 
leucyl-L- tert . -leucine-N-methylamide obtained is 




"3 
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subsequently subjected to one or more 
crystallizations . 

7 . Process according to claim 5 or 6 in which the L- 
leucyl-L- tert. -leucine-N-methylamide is 
subsequently coupled to a substituted or non- 
substituted OC-mercaptocarboxylic acid to form the 
corresponding N-a-optionally substituted 
mercaptocarboxyl-L-leucyl-L- tert . -leucine-N- 
methylamide . 

8 . N-f ormyl-L-leucyl-L- tert. -leucine-N-methylamide . 

9 . N-f ormyl-L-leucyl-L- tert . -leucine-N-methylamide 
with an enantiomeric excess of the N-terminal 
amino acid in the dipeptide of more than 80%. 

10 . N-f ormyl-L-leucyl-L- tert . -leucine-N-methylamide 
with an enantiomeric excess of the N-terminal 
amino acid in the dipeptide of more than 98%. 

11 . N-f ormyl-L-leucyl-L- tert. -leucine-N-methylamide 
according to claim 9 or 10 with a diastereomeric 
excess of more than 80%. 

12 . N-f ormyl-L-leucyl-L- tert . -leucine-N-methylamide 
according to claim 11 with a diastereomeric 
excess of more than 98%. 

13. Use of N-f ormyl-L-leucyl-L- tert . -leucine-N- 
methylamide according to any one of claims 8-12 in the 

preparation of pharmaceuticals . 
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ABSTRACT 

Process for the preparation of an N-formyl- 
L-leucyl-L- tert . -leucine-N-methylamide in which N- 
5 formyl L-leucine is coupled to L- tert . -leucine-N- 
methylamide in the presence of an activating agent. 
Preferably, use is made of L- tert . -leucine-N- 
methylamide with an enantiomeric excess greater than 
98% and N-f ormyl-L-leucine with an enantiomeric excess 

10 greater than 98%. If desired, the dipeptide obtained is 
subsequently deformylated and the resulting N-formyl-L- 
leucyl-L- tert . -leucine-N-methylamide or the L-leucyl-L- 
tert. -leucine-N-methylamide is further subjected to one 
or more crystallizations. 

15 The invention also., relates to the N-formyl- 

L-leucyl-L- tert . -leucine-N-methylamide and the use of 
N-f ormyl-L-leucyl-L- tert. -leucine-N-methylamide in the 
preparation of pharmaceuticals. 
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